Abstract Epithelial cells in the kidney, gastrointestinal tract and exocrine glands are engaged in vectorial transport of salt and nutrients. In these tissues, K + channels play an important role for the stabilization of membrane voltage and maintenance of the driving force for electrogenic transport. Luminal K + channels represent an exit pathway for the excretion of K + in secreted fluid, urine and faeces, thereby effecting body K + homeostasis. Indeed, the expression and function of several luminal K + channels is modulated by hormones regulating water, Na + , and K + metabolism. In addition to net transport of K + in the serosal (or apical) direction, K + channels can be coupled functionally to K + -transporting ATPases such as the basolateral Na + /K + ATPase or the luminal H + /K + ATPase. These ATPases export Na + or H + and take up K + , which is then recycled via K + channels. This review gives a short overview on the molecular identity of epithelial K + channels and summarizes the different mechanisms of K
Introduction
Transport of solutes, electrolytes and water across epithelia cells is essential for homeostasis of salt and water metabolism, reabsorption of nutrients, exocrine secretion and excretion of metabolic end-products. In epithelia, K + channels are involved in different cellular functions: (1) maintenance of a polarized cell membrane as a driving force for electrogenic transport; (2) cell volume regulation; (3) K + excretion according to metabolic needs; (4) K + recycling across luminal and basolateral membranes (functionally coupled to K + -exchanging ion pumps); (5) cell fate: differentiation versus proliferation or apoptosis.
In the human genome around 80 different genes for K + channel a-and b-subunits have been described (http:// www.gene.ucl.ac.uk/nomenclature/genefamily/ KCN.shtml). In addition, hetero-oligomerization and splice variants yield a large number of structurally and functionally different native K + channels. Table 1 gives an, inevitably incomplete, overview of the epithelial expression of different K + channel genes. In recent years, the breathtaking progress of protein analysis and gene discovery has sped up our understanding of for K + channel structure and the role of these channels in genetically determined diseases. However, our knowledge of the tissue-specific expression pattern and its consequences for the function of native epithelia is still far from complete. The combination of molecular and biochemical techniques, genetically modified animals and functional methods will help to gain more insights into the diversity of epithelial K + channel physiology.
Basolateral epithelial K + channels: driving force and cell volume regulation
In polarized epithelial cells basolateral K + channels hyperpolarize the cell membrane, thereby increasing the driving force for other electrogenic transport systems. Depending on the paracellular resistance, basolateral hyperpolarization leads also to hyperpolarization of the luminal membrane supporting transport across the luminal membrane. In epithelial cells from rat colonic crypts two distinct basolateral K + channels have been identified at the molecular level, exemplifying the physiological role of basolateral K + channels in general. regulated closely by Ca 2+ in the latter's physiological range (100-500 nM) [100] and, therefore, Ca 2+ -elevating agonists, such as acetylcholine or histamine, increase KCNN4 open probability. KCNN4 activation hyperpolarizes the basolateral and-depending on the permeability of the paracellular pathway-also the luminal membrane of enterocytes, thereby supporting electrogenic transport, e.g. luminal Cl secretion or Na + reabsorption (Fig. 1) . KCNN4 is expressed abundantly in epithelial cells of colon [107] and of salivary glands [75, 95] and less in small intestine [34, 41] . However, during cAMPmediated intestinal Cl secretion, KCNN4 activity is very low due to a reduction of intracellular Ca 2+ . The driving force for Cl exit at the luminal side of the cell is maintained by a cAMP-stimulated basolateral K + conductance [106] , which has been identified at the molecular level as KCNQ1 associated with its b-subunit KCNE3 [90] (Fig. 1A) . The pH-regulated and cell volume-sensitive K + channel KCNK5 (TASK2) is expressed strongly in renal proximal tubules. KCNK5 is-among others-a good candidate channel for activation by transport-associated changes in cell metabolism, cell volume and extracellular pH (possible activation by increase in basolateral NaHCO 3 extrusion) [6, 76, 77, 86, 109 ]. The precise function and subcellular localization of renal KCNK5 channels, however, remains to be established.
Furthermore, inwardly rectifying ATP-sensitive K + channels (members of the KCNJ family), cyclic nucleotide-regulated K + channels and maxi K + channels (KC-NMA1 associated with b-subunits) have been described or proposed as basolateral K + channels in various epithelial tissues on the basis of immuno-localization Luminal K + channels: repolarization, fine tuning of K + excretion and K + recycling
In renal proximal tubules, and probably in the small intestine, luminal K + channels play an important role for restoring the driving force of Na + -coupled transport systems (amino acids, sugars), which depolarize the luminal membrane (Fig. 1A) . Some of these luminal K + channels are activated directly by the transport-associated depolarization (i.e. KCNE1/KCNQ1 and KCNA10 in renal proximal tubules [98, 116] ), others are regulated by mediators, second messenger pathways and cell volume [36, 37, 93] . Since the epithelia of small intestinal villi and renal proximal tubules have a low paracellular resistance [27], basolateral K + channels act in concert with luminal channels and hyperpolarize both basolateral and luminal membranes. However, the direction of the paracellular short circuit current differs, depending on luminal or basolateral K + channel activation [104] . In more "tight" epithelia, such as distal colon and renal collecting duct, the relative importance of luminal K + channels for repolarization is enhanced compared with "proximal" epithelia: in the presence of a high paracellular resistance, activation of basolateral K + channels does not suffice to hyperpolarize the luminal membrane. Moreover, the luminal K + channel activity in "distal" epithelia directly affects the ionic composition of urine and faeces: i.e. activation of luminal K + channels during colonic Cl secretion results in electroneutral KCl secretion; activation of basolateral K + channels, however, leads to electrogenic luminal Cl exit followed by paracellular Na + flux (NaCl secretion) [ (Fig. 1B) . In patients suffering from KCNJ1 mutations, Na + reabsorption by the NKCC2 is markedly diminished, resulting in a life-threatening salt wasting syndrome (antenatal Bartter syndrome type 2).
In 
